ABSTRACT. Monitoring at the contaminated subsurface soil, have been conducted by using the geophysical surface method, especially for geoelectrical resistivity method. Monitoring is commonly conducted by using geoelectrical resistivity through measuring the value of Electrical Resistivity (ER) or Electrical Conductivity (EC) of leachate contaminated soil layer. EC measurement value of soil is affected by many factors, among others, particle conduction of soil materials, surface conduction, fluid conduction in the pores as well as the effect of particle shape and soil materials. Piyungan landfill is the main disposal site of Yogyakarta municipal solid waste. This landfill located mainly on the tertiary rocks of volcanic rocks and its weathering products. In order to improve the accuracy of geoelectrical measurements on resistivity in monitoring soil layers from contaminated leachate on this area, this research conducted several measurements on physical properties of soil sample and electrical properties of leachate in the saturated soil samples. The measurement of physical properties includes: porosity, clay content, particle content, and cation exchange capacity (CEC) value. The soil samples were collected from 3 locations around Piyungan Landfill. Type of soils are taken from the alluvial deposits (Sample B), weathered tuffaceous sandstone-claystone (Sample D), and weathered andesitic breccia (Sample F). Samples were made in containers, saturated with aquades-leachate solution with 12 different concentration levels. Electrical conductivity (EC) was measured by using Soil Box Miller and Geoelectric Resistivity Oyo McOhm. According to results of physical properties analysis, the grain size of soils are dominantly sandy clayey silt in grain size distribution, with clay content ranging from 33.0--38.4 %, the CEC values ranging from 26.8--52.7 meq/100 gr, and the porosity of samples B, D and F is 58.85 %, 55.30 %, 59.24 %, respectively. Based on the experiments with 12 different leachate concentrations, there is a linear increase in EC of 0.718 µS/cm for every increase in electrical conductivity pore fluid (EC f ) 1 mg/l in samples B, while in samples D and F are 0.492 µS/cm and 0.284 µS/cm respectively. Plotting the data of EC vs EC f for each samples and ER vs EC f , it can be concluded the slope of ∆EC/∆EC f differ for each samples and the electrical conductivity value of different concentration of leachate is very sensitive for alluvial deposits compare to the weathered tuffaceous sandstone-claystone and weathered volcanic breccia deposits.
INTRODUCTION
Landfill is the most often used method for dumping disposal site in urban areas. How-ever, the landfill often becomes a potential source of groundwater contamination because containing high concentration of chemical elements (Mac Farlane et al., 1983; Rapti-Caputo et al., 2006; Reyes-López et al., 2008) . Therefore,in the landfill dumping site it is necessary to monitor the probability of leachate seepagein the soil and groundwater continuously in the surrounding area of the landfill.
Many soil and groundwater quality monitoring at the contaminated subsurface soil, have been conducted by using the geophysical surface method, especially for geoelectrical resistivity method. Monitoring is conducted by using geoelectrical resistivity through measuring the value of Electrical Resistivity (ER) or Electrical Conductivity (EC) of leachate contaminated soil layer (Abbaspour et al., 2000; Meju, 2000; Porsani et al., 2004) . EC measurement value of soil is affected by many factors, among others, particle conduction of soil materials, surface conduction, fluid conduction in the pores as well as the effect of particle shape and soil materials. Electrical Conductivity of fluid (EC f ) is the dominant factor in measuring the EC value of soil, which is influenced by the chemical concentration and composition of pore fluid (McCarter, 1983; Kalinski and Kelly, 1994; Klein and Santamarina, 2003) .
The purpose of this research to find the electrical characteristics of volcanic deposits saturated leachate as Piyungan landfill overlying such kind of lithology.Research conducted by Longo (2014) obtained ER value of volcanic deposits are between 4-20 Ohm-m (Longo et al., 2014) . On this research, samples were obtained from the volcanic deposits around Piyungan landfill. This layer consists of alluvial deposits, weathered andesitic breccia and weathered sandstone-tuffaceous claystone (Putra, 2001 ). Data of ER or EC values of soil layering and pore fluid filler is required as a binder to improve the accuracy of data interpretation of the soils layering lithology on the geoelectric resistivity measurements (Meju, 2000) .
STUDY AREA
The areas of Piyungan Landfill and surrounding are covered by Quarternary and Tertiary rocks, which are the Young Merapivolcanicdeposits, Alluvial Deposits and the lower-middle (Putra, 2001 ) and soil sampling locations (B1, B2, B3, B4, D and F), leachate pond sample location, and groundwater sample location from the dug well S1, S2 and S3.
Miocene rocks called as Semilir Formation (Raharjo et al., 1995) .
The lithology contained in the study area can be divided into five lithological units, namely; sandstone-tuffaceousclaystone unit, andesitic breccia units, breccia pumice unit pumice which is a product of the tertiary rocks, and Opak River's alluvial and fluvial deposition units and which is a quarternary deposit product (Putra, 2001) . Banyak River is a disposal river for leachate from the Piyungan landfill, flowing across the alluvial deposits from the South to North (Figure 1 ).
THEORETICAL BACKGROUND
The Waxman and Smits Equation (Waxman and Smith, 1968; Sen et al., 1998) explains the correlation between the EC of soil fluid (electrolyte) with the electrical conductivity of clay material. EC material is represented by the Cation Exchange Capacity (CEC) value of the clay:
where F is related to the porosity φ with Arcie equation of 1/F = φ m in which m is the porosity exponent of Archie equation with a value of m ≈ 2 and B is the equivalent counter ion mobilityof clay surface.
where EC f is the electrolyte conductivity in S.m −1 and the maximum counterion equivalent mobility is given by the value of B 0 = 4.78 × 10 −8 m 2 s −1 V −1 . Meanwhile, the Q v value shows the CEC with an equation:
where ρ mat is the matrix density in kg.m −3 .
The CEC values for some clay minerals are available in Table 1 , ranging from 3-150 (meq/100gram) from Eslinger and Pevear (Ismadji at al., 2015). 
Materials
Soil samples were collected from 6 locations around the Piyungan landfill, Yogjakarta (See Figure 1 ). Sampling were taken at a depth of 40-50 cm, except for the samples in location B that were taken from four different locations and depths. Point B1, B2, B3 and B4 are derived from a single point location with a depth of 1.0 m, 1.5 m, 2.5 m and 3.0 m, respectivley. Point B1, B2, B3, and B4 are in alluvial deposit. Point D is located at the location of the tuffaceous sandstone-claystone deposit, while point F is located at andesitic breccia unit. Each samples were made into two parts for the measurements of physical and electrical properties of the sample. Groundwater samples were collected from dug well S1, S2 and S3. Leachate sample was collected from the leachate pond.
Measurements of physical and electrical properties of the samples a. Measurements on the physical properties of the soil; density, porosity, grain size distribution and the value of the CEC, conduct with the pycnometer, hydrometry and percolate distillation methods. The tests were conducted in the laboratory of Institute for Agricultural Technology (BPTP) of Yogyakarta. b. The measurement on the resistivity value of the sample was conducted in the laboratory of Environmental Geological Engineering of Gadjah Mada University of Yogyakarta. Each sample was dried for 3×24 hours. Each type of samples was then put into the 12 different sample containers with the same weight. Each sample was saturated with the aquades-leachate solution with 12 different levels concentration. The leachate was obtained from the leachate pond of Piyungan landfill. 11 samples used an aquades-leachate solution ranging from 10 mg/l to 350 mg/l and 1 sample used ground water. The samples were stirred evenly until the soil samples were saturated based on the standard (ASTM-G57a, 1995). There were 72 containers of saturated samples were then left for 24 hours to ensure saturation of samples. The saturated samples were then put into the soil box Miller (sketch in Figure 2 ), compacted evenly, and then measured for its EC values (Kowalzczyk et al., 2014 McOhm. By using four electrodes method, 2 current electrodes and 2 potential electrodes, the current is conducted through the electrodes A and B that are made of stainless-steel fragments with a thickness of 1mm, and a distance of 22 cm. M and N electrodes that are made of 4 mm-diameter copper nails, with a length of 5 cm, are made in a distance of 12 cm. The data of sample resistivity were analyzed through graphics of the relationship of the effect of the level of EC change due to the increase of TDS concentration level of the pore fluid filler.
RESULTS AND DISCUSSION

Physical properties
Physical properties of the sampless how on Table 2. According to the percentage value of the grain size, sample B, D and F are classified as sandy clayey silt. All samples had a total porosity of greater than 55 %. Weathered andesitic brecciashas a porosity of 59.24 %, alluvial deposits 58.85 % and weathered tuffaceous sandstone-claystone 55.30 %, respectively. Alluvial deposit samples contain higher clay percentage compare toweathered andesitic breccia and weathered tuffaceous clay sandstone. However, the clay contain seem to be not linear to the CEC value (see Figure 3) . The CEC values are ranging from 26.8-52.7 meq/100gr. The highest CEC value measured on sample F of weathered andesitic breccia, and the lowest CEC measured from sample D of weathered tuffaceous sandstone-claystone.
Electrical conductivity measurements
The electrical conductivity values of samples with different combination of leachate concentration is show in Table 3 . The groundwater samples used in the measurements was from a dug well located approximately 650 m downstream from waste processing disposal of Piyungan landfill. The dug well has been classify as contaminated by leachate from Piyungan landfill (Phonhalath, 2012) . The EC f value of this ground water is equal to the EC f value of aquades-leachate fluid that is 410 µS/cm at the same TDS concentration of 200 mg/L. However, the EC of the ground water-saturated soil sample has a lower value than the aquades-leachate saturated sample. It is probably due to effect of different types of ions in the ground water containing ions in the aquades-leachate fluid that result in different EC values (Parhusip, et al., 2016) . From the measurements, it can be obtained that the leachate-aquades solution with TDS values ranging from 10 mg/l to 350 mg/l has an EC value ranging about 30 µS/cm to 710 µS/cm. There is an increase in EC linearly with the average increase of 0,82 µS/cm for every additional leachate TDS of 1 mg/l (Table 3). Concentration of TDS from 10 mg/l to 350 mg/l wi have EC of samples D and F are about 347 µS/cm to 796 µS/cm than samples B around 1027 uS/cm -1473 uS/cm. From Table  3 , the value of ER can be calculated as ER is reciprocal value of EC. ER sample D, F and B are 19.3-28.8 Wm, 12.6-22.9 Wm 6.8-9.7 Wm, respectively. And if sample saturated with ground water ER for D, F and B are 17.2 Wm, 24 Wm, and 7.5 Wm, respectively. All of the samples that were saturated by fluid aquadesleachate or by groundwater have increases in EC linearly due to the increase of EC f (Figure 4 and Table 4 ). In Equation 1, it shows that EC is a function of the EC value of the electrolytes in the pores, where the density, porosity and CEC values of the samples are the constant magnitude as seen in Figure 4a . The graphic of the change of resistivity values of the sample towards the increase in EC f (Figure 4b) shows that the slope of the Table 2 and Figure 4 ). It can be seen that the value of EC or ER have linear relationship with the clay content but not with CEC. The relationship is the highest the clay content, the highest the EC value, but for ER value, the highest the clay content, the lowest the ER value. This fact shows how important the existing of clay content on the value of EC and or ER measurement.
CONCLUSION
Based on the experiments, it reveals that the change of EC value of the contaminated soil is more sensitive on the soil of alluvial depositsthan soil from weathered tuffaceous sandstone-claystone and from weathered andesitic breccia. It means that the increased conductivity of soil saturated leachate, will be higher in the alluvial depositscompared with the weathered tuffaceous clay sandstone and weathered andesitic breccia. This condition will affect the electric resistivity value of soils during the geoelectrical survey in the field. Different value of resistivity will be measured on the field of leachate contaminated area on different type of soils/rocks. Therefore, the data and results on this research can be used in the field as references to predict the contamination the leachate-saturated soil layer in the study area. sian Goverment who has funded this research by Postgraduate Education Scholarship. Our sincere thanks to the management of Piyungan Landfil, which has given us permission to do this research in the Piyungan landfill area. We also would like to give appreciation to the Head and staff of Department of Geological Engineering, Gadjah Mada University, who gave the permission to access equipment and laboratories. Last but not least, special thanks to Mr. Joko Riyanto for support during the laboratory works.
